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YATURE OF P32OSOL P-;RTICLFI CHARGING 

Works on atmosphere e l e c t r i c i t y ,  c a r r i e d  ou t  during IGY, inclad-  I 

ing t he  time periods before and after it, allow t o  derive a series of . 
~ 

conclusions as t o  the  nature  of thunderstorm e l e c t r i c i t y ,  
In  the  work [l] the  author has shown t h a t  e l e c t r i c  chargee, whoee 

s ign  depends on the ac id  or a l ca l ine  p rope r t i e s  (pH) of t h e  atomieed 

so lu t ion ,  are formed on p a r t i c l e s  of s t a t i o n a r y  o r  slowly evaporat ing 
I 

aerosol.  If the  pH of the moisture, of which aerosol  p a r t i c l e s  are formed, 

is greater than 5 ,  pos i t i ve  charges are formed on p a r t i c l e s ,  and when i 
pH < 5 ,  these charges are negative. This  phenomenon is explained by 
water d i s soc ia t ion  into H+ and OH- i o n s  and by s e l e c t i v e  so rp t ion  of 
t h e s e  ions by aerosol  moisture, The charge, then forming on aerosol  par- 
t i c l e s ,  c o n s t i t u t e s  s e v e r a l  t e n s  of elementary charges, The e l e c t r i c  

p o t e n t i a l  of p a r t i c l e s  r e l z t i v e  t o  air reaches 20- 30 MW. 
These r e s u l t s  allowed the author  t o  der ive a theory of o r i g i n  

of t he  Ear th ' s  normal e l e c t r i c  f i e l d  C23.The l a t t e r  is explained by gra- 

v i t a t i o n a l  s e t t l i n g  of pos i t ive ly  charged aerosol in negat ive ly  charged 

gas t h a t  surrounds the  terrestrial glove. The negat ive charge of the  

Ear th  is formed by transfer t o  Earth of air p a r t i c l e s  with negat ive char@ 
due t o  i ts conductance. This  is a f u r t h e r  ievelopment of the  idea of 
c o l l o i d  e l e c t r i c i t y  appl ica t ion  t o  atmospheric e l e c t r i c i t y  events,  first 

pos tu la ted  by Frenkel'  C53. 

* 0 MdEKH!NIZME GENrZRIF?OV.'FNIPA GROZOVOGO ELEKTRICHESTVA. 

** The pe r iod ica l ,  wLere t h e  present paper w a s  published could no t  be 
ascer ta ined,  but,  i t  is evident ly  in the  cateogry of I G Y  series, no t  
published by the  USSR Academy of Sciences,  but  by some reg iona l  
or i n s t i t u t e ,  i n  the years  pos te r ior  t o  1-962. 
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Imganitov a d  ihubarina [3] have shown t h a t ,  judging from the 

r e s u l t s  of measurements during IGP, t h e  widely 

f i e l d  of the Z a r t h ,  known as theory of sphe r i ca l  condenser, fa i led t o  
find corroboration. They reached the conclusion that i t  is more appropriate  

t o  pass t o  the model of a charged sphere, surrounded by a space charge. 

spread theory of electric 

Xhile considering the p o s s i b i l i t y  of cloud drop charging O W h g  t o  

s e l e c t i v e  sorp t ion  of ions  of various salts, Nikandrov ind ica ted  C6J t h a t  

t he  excess of ions  of one eign I n  t he  s u p e r f i c i a l  l age r  rrhould lead  t o  

t h e i r  evaporation alongside with water moleculee. 

f i c i a l  and n a t u r a l  aerosols  depends upon, whether o r  not,  condensation 

and growth of p a r t i c l e s  o r  t h e i r  evaporation take p 1 a c e : i n  the first ca8e 
a negat ive charge forms on p a r t i c l e s ,  in the  second case-  a pos i t i ve  one 

is generated. Muleisen br ings fo r th  the  assumption, that  the cause of t h i e  

r e s i d e s  in the l i b e r a t i o n  of negative ions  from the surface of the  water 
during evaporation. rPhese ions  are captured by condensation n u c l e i  and 
form a negative charge; a t  fog evaporation the  negative ions  are l i b e r a t e d  

again and c a r r i e d  by the  e l e c t r i c  f i e l d .  

Xuleisen C41 has shown tha t  the s i g n  of the  drop charge in a r t i -  

The mechanism of o e r o s o l p a r t i c l e  charging w a s  the ob jec t  of a 
conclusion i n  the work [l], derived on tho  b a s i s  of the works by I-iuleisen 

E43 a d  Nikandrova 163. It may be made more prec ise  i n  the following manner . 
S t a r t i n g  from the pr inciple  of s e l e c t i v e  adsorption of ions H' and 

OH- 
more adsorbent, increases  i n  degth of the droTlet (whereas at  periphery 

mostly OH- ions  a re  concentrated),  we n-ty write a f t e r  the Boltzmann l a w  111 t 

by water, and assuming t h a t  the concentration of hydrogen ions,  being 

W - 
[H+1, = [H+J,, e R T s  (1) 

where [H-+l, and ra-e respect ively the  concentrat ions of hydrogen ions 

i n s i d e  .and on the  sur face  of the  droplet .  

The processes of condensation, evaporation or s t a t i o n a r y  state 
may be character ieed by the number of water vapor molecules, outgoing i n t o  

the air fro12 the surface of the drop nm , and the  number of vapor molecules 

"., s e t t l i n g  on i t  out  of the moi s t  air. 
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The drop will have a zero p o t e n t i a l  r e l a t i v e  to air only when 

4 [H+], = [ti+] .' (2) 

Assume, t h a t  a t  s ign i f i can t ly  renote d i s t a n t  from the  drop 

[H+b=[OH-],  = 10-7. (3) 
This means, t h a t  t he re  exists near the  sur face  of the drop an 

increased concentration of ions (OH'), described by the co r re l a t ion  

- 
[OH-], = [OH-Lt! ". (4) 

Factua l ly ,  t h i s  cor re la t ion  is disrupted by the  turbulent  diffu- 
s ion  of i ons  OH'from the  boundary l aye r  t o  air, f r e e  from the ac t ion  of 
s u p e r f i c i a l  forces  of aerosol  pa r t i c l e s .  Bearing in mind t h a t  IgiH+I=-pH, 
we obta in  from (11, (2) and (3) an equation descr ib ing  the condition of 
n e u t r a l i t y  of the  drop or of the aerosol  p a r t i c l e  

"herefore, t h e  s ign  of the charge of a drop depends not only on a c i d  

or a lca l ine  proper t ies  of the so lu t ion  forming it, but  also on whether or 
not there  take place on the drop e i t h e r  condensation or evaporation. 

In F i g . 1  we reproduced the curve of the e l e c t r o k i n e t i c  p o t e n t i a l  

of the drop nnd i ts  c h s g e  (counting on drop's r ad ius  of  5mk) dependence 
yH, forming the so lu t ion ' s  drop, obtained by the author by empir ical  method 

i n  s t a b l e  or slowly-evaporating aerosol  (curve a). Plo t t ed  in the  same figure 
i s  tl!e curve 6 for the case of in tense  condensation and the curve 6 f o r  
the case of v io l en t  evaporation. The curves 6 a a d  

ing the e q e r i m e n t a l  curve according t o  equation (3). A t  the  same t h e ,  we 
took for the example of condensation l g . 1 ~ 2 .  m d  for evaporation 1gG-1. 

It may be seen in  the f igu re  tha t  t he  drops of so lu t ions  of same ac id i ty ,  

for example with p H = 5  t o  6, will have a d i f f e r e n t  p o t e n t i d  r e l a t i v e  t o  
a i r  a t  condensation and evaporation processes. In the  s t a t i o n a r y  state the  

charge of the drop at such pH w i l l  be pos i t i ve  or near zero; at  condensation 

U were obtained by e h i f t -  

n, n, 



such a drop w i l l  have a negative p o t e n t i a l  and charge r e l a t i v e  t o  air; 

at evaporation they w i l l  be posi t ive.  

Fig.l. - aependence or" the  e l e c t r o k i n e t i c  p o t e n t i a l  
a t  the surf : .ee of aerosol p a r t i c l e s  (of  the cloud) 
on aciC or nlca l ine  proper t ies  of moisture, conden- 
s a t i o n  cuLd evaporation processes,  forming them. 

a- s t a t e  of equilibrium or s t age  of slow evaporation; 
6 -  in tens ive  condensation; 6 - in tens ive  evaporation. 

L e t  us r e c a l l ,  t h a t  the moisture of f a l l i n g  out  p r e c i p i t a t i o n s  

has an average pH of 5 -  6 [2]. Assuming for a moist air t he  prevalence 

of ions OEf over ions f19, 203, instead 

of [OH-]- = 10-7 we may take,  ior example, [OH-]-- m-10-7, where m>l.  'Then, 

i n  t h e  r i s h t  hmci p a r t  of the equation (3) , the f i r s t  term w i l l  be some- 

wh.at g rea t e r  than 7 
This does not v i r t u a l l y  introduce any changes i n  Fig.l, 

+ H , which is regu la r  s ince  i->i+ 

( f o r  exaaple, a t  m = 2 i t  w i l l  be equal  t o  7.21, 



X ser ies  of works appeared during IGY, which corroborate one way 

or a o t h e r  t he  above-discussed mechanism of charge formation on cloud 

drops and aerosol  pa r t i c l e s .  Thus, Blanchard [21] ascer ta ined,  while 

i nves t iga t ing  t h e  chsrges of drops forming during rupture  of a i r  bubbles 
passing through sea water,  t h a t  t h e  t i n i e s t  spray  is charged pos i t ive ly .  

It is w e l l  known, t h a t  sea water has  an a l c a l i n e  r eac t ion  with pH near 9, 
t h a t  Is, ions OH- are i n  excess in it. The prinary ion OH' desorption 
from the  evaporating sea  w v e  sTray leads t o  pos i t i ve  charging of the  
then formed t i n i e s t  d rople t s  a n d  ? a r t i c l e s  of aerosol. Therefore, t he  ocean 

is apparent lg the  main supn l i e r  of pos i t i ve ly  charged atmospheric aerosol.  
i h e  neeat ive ions  03-, l i be ra t ed  from the sur face  of such an aerosol ,  

increase the  negative charge of t h e  air. P a r t  of such a charge is yie lded  
t o  t e r r e s t r i a l  surface.  Thus forme the  negative charge of the  Earth. In 
the u n i t a r y  wave of t he  d a i l y  course of atmosphere's e l e c t r i c  f i e l d  t h e  
rn8ximum occurs near  15 00 - 2000 hours GMT, when the  greatest p a r t  of t h e  

universa l  ocean is lit by the  Cun [2]. 
Kuettner a d  Lavoil [23], while s tudying  the  mechanism of aircraft 

e l e c t r i z a t i o n ,  had set  up the  exoeriment, whereby the  sampler, i n  the  form 
of i c y  g r a t i n g  was exposed i n  a screening cy l inder  beyond the  window of 
t h e  mountain observatory tower.  In  clear weather a p o s i t i v e  charge occurred 

i n  lo@& of cases  on the  surface of the sampler. During 
snow, t h a t  is when the observed condi t ions w e r e  favorable f o r  sublimation 

(condensation), o negative charge appeared on the  sampler. 

nist with dr i f t ing  

These exycriments corroborate also t he  above-described mechanism 

of e l e c t r o k i n e t i c  p o t e n t i a l  emergence and charge subdivis ion a t  water-air 
boundmy on account of spontaneous water d i s soc ia t ion  and s e l e c t i v e  sorp- 
t i o n  and desorption of the  then emerging i o n s  H+ and OB-, d i f f e r e n t  in 
condi t ions of evaporation or condensation. 

According t o  data on e l e c t r i c  f i e l d  measurement under clouds and 

above them on the s lopes  of E l b u r s ,  ikasnogorskaya E91 has e s t ab l i shed  

t h a t  i n  t h e i r  i n i t i a l  development stage clouds have a negat ive space 
chazge. According t o  hrdovkina, the  same clouds acquire  a pos i t i ve  charge 

when passing from generation t o  s t a t i o n a r y  state and a l s o  i n  the s ta te  
of breakdown. 
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ICrasnogorskaya msumes [g 3 ,  t h a t  the  adsorption mechanism of 
charTed p a r t i c l e s  during the  ini t ia l  stage of cloud development p l ays  a 
s p e c i f i c  r o l e  in the  formation of negative space charge; t h i s  adsorption 

mechanism being based upon the property of water drops t o  adsorb mostly 

negat ive ions. 
Sur,uing up t h e  above data, one may note  t h a t  during condensation 

procesees, aerosol p a r t i c l e s  o r  the forming eloud droplet8 acquire  a nega- 
t ive charge, bu t  a t  evaporation or  in t h e  s t a t i o n a r y  etate they acquire  a 
p o s i t i v e  charge, provided t h e i r  reac t ion  is not  too  ac id  (pH 7 5 ) .  The 
s e l e c t i v e  desorpt ion ( o r  adsorption) of i ons  OB" and @appears  t o  be t he  
cause of t h i s  phenomenon. By the  s t r e n g t h  of s e l e c t i v e  sorp t ion  of these 

ions,  mostly ions  OH a re  concentrated on the  surface of aerosol  p a r t i c l e s .  
A t  ev&yora.tion they break away alongside with vapor molecules and outgo 

i n  the  air .  This l eads  p rec i se ly  t o  pos i t i ve  charging of aerosol  par t ic les  
(d rop le t s )  i n  t h e  s t a t i o n a r y  or 

n u c l e i  ( ae roso l  p a r t i c l e s ) ,  which has  mostly negative i o n s  OH-. A t  t h e  same 
time the re  are formed embryonic negat ively charged droplets .  Apparently, 
t he  cause of p r e f e r e n t i a l  s e t t l i n g  of vapor molecule complexes c o n t d i a g  

ions OH- on the  sur face  of embryonic d rop le t s  o r  aerosol  p a r t i c l e s  at con- 
densation, cons i s t s  not only in t h e i r  r e l a t i v e  excess in the  air, but  also 

in t h a t  these  p a r t i c l e s  have, by the s t r eng th  of grea t  mass, a great micellar 
force  p o t e n t i a l ,  contrary t o  ions containing H+. 
is thus  lower than t h a t  of the ion cor?plexes coiitaining H'. Therefore, t he  

enerFy of charge ciivision between water m d  gas-like aerosol  medium and, i n  
the l as t  r e s o r t ,  t he  ener,ry of formation of l oca l i zed  charges in cloud8 
are drawn out  from adsorption a n d  condensation heat. T a k i n g  the  value of 
condensation hea t  equal t o  600 cal/g f o r  a 5 g/m3 cloud water content,  we 

s h a l l  ob ta in  the hea t  energy of condensation, l i b e r a t e d  ( o r  s to red )  in ld, 
equal  t o  3 m 1 0  

f i e l d s  i n  thunderclouds f o r  t h e i r  usual f i e l d  i n t e n s i t y  near  lOOv/crm 5.8 

4.5 10 k joule/km , and a t  high i n t e n s i t y  of 10 000 v/cm i t  reaches 

4.5 10 k jou le  /h3. Therezore the transformation of a s m a l l  pa r t ,  no more 

I 

evaporation stage.  
;;hen v i a l en t  condensation onsets ,  water vapor s e t t l e s  on condensation 

Their !'condensation point1! 

9 k ca l  or 1.25 l o l o  k. joules.  The enert?J dens i ty  of e l e c t r i c  

4 3 

6 



7. 

t h a  0.0004 - 0.04 % of t h e r m a l  energy of condensation and s e l e c t i v e  ad- 
so rp t ion  i n t o  ener,T of e l e c t r i c  charge separat ion a t  boundary w a t e r -  air, 
is  s u f f i c i e n t  f o r  the  explanat ion of atmosphere's e l e c t r i c  f i e l d  energy. 

Contemporary ObserVatiOn8 corroborate t h e  d i s t r i b u t i o n  of charges 

Thus, Tamura 1241 es tab l i shed  on the bas i e  of synchronous measure- 
in a thundercloud given in the  Simpson and a s soc ia t e  ref. [lo] schemct. 

ments of the  e l e c t r i c  f i e l d i n  thundercloadsfrom 8 points ,  t h a t  in thunder- 

s t o r m  the  centers  of negative charges, inducing discharges from cloud fo 

ground, a re  at he ights  from 6 t o  8 km, w h i l e  the  centers  of pos i t i ve  char- 
ges are by 5 t o  6 km higher,  t h a t  is a t  about 12 km height  level.  

F i t ege ra ld  and Byers [253 es tab l i shed ,  while conducting eonveotive 

cloud observations from aircraft ,  t h a t  t he  e l e c t r i c  s t r u c t u r e  of cumulue 
cloud6 corres2onds t o  ascending cur ren t  (updraf t )  s t r u c t u r e  and reminds 
one of "charged colunmsll. A t  the same tine it was revealed t h a t  
with g rea t  content of droplet  moisture and s t rong  updraf ts ,  excess nega- 
t i v e  charges are observed i n  the s t ages  of ac t ive  development of a power- 
f u l  cumulus cloud. The s o l i d  p rec ip i t a t ions ,  including the  Uses  of fall 
from anvil-shaped thunderclouds have, immediately upon formation,a posi- 
t i v e  charge. It was noted, t h a t  the  f i e l d  i n t e n s i t y  in clouds inc reases  
with the  l a t t e r ' s  water content, 

regions 

Chapman C26J made more prcc ise  t h e  methods of computations and 
the  deta  01 Simpson e t  a1 on measurement of e l e c t r i c  f i e l d s  i n  thunderclouds. 

The improved values of mean f i e l d  i n t e n s i t y  in thunderclouds w e r e  found t o  

be near 10 v/cm. 3 

Eatakeyama [27],while admitt ing t h a t  the  pos i t i ve  charge is at 

10 k m  height  and the negative one at 6km, and measuring the r ap id  f luc tu -  
a t i o n s  of the e l e c t r i c  f i e l d  a t  l i g h t n i n c  discharge6,has e s t ab l i shed  t h a t ,  

a s  an average, a charge of one s i g n  i n  n thundercloud is equal t o  90 k 
and reaches up t o  400k. 

According t o  Norinder d a t a  C l O J ,  t he  predominating number of 
l i gh tn ing  discharpes t r a n s f e r  chzrges of near ly  2k, but  t he re  occur dis-  
charges, t r ans fe r r ing  up t o  35 k. A t  t h e  same t i m e  discharges t o  ground 
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from negat ively charged p a r t  of the cloud c o n s t i t u t e  93% of a l l  l i g h t n i n g  

s t rokes  on ground. The usual duration of a discharge is within t h e  100- 

200 p e e c  range. The s t r eng th  of t h e  cur ren t  i n  v e r t i c a l  l ightr i fng is pre- 

dominantly below 20ka ,  but there  occur discharges with cu r ren t s  t o  140 ka. 
Yhe time of current accre t ion  t o  half  the  optfrrmm value is about 6p sec. 
Calculation by Norinder show, t h a t  i f  t he  d i spos i t i on  of t he  space charge 

i n  the  cloud is represented i n  the  form of an ellipaofd,. a f i e l d  s t r e n g t h  

near 25 Icsr/cm w i l l  be necessary t o  i n i t i a t e  a l i g h t n i n g  s t roke  toward 

Ear th  at the lower end of the e l l i p so id ,  s i t u a t e d  a t  t h e  height  of 2 km 
above ground. A t  t h e  same time, a f i e l d  i n t e n s i t y  near 3.5 kv'cm is ob- 
6 erve d e  

Smith E281 found, while investigating electric f i e lds  in F l o r i d a  

thunderstorms, t h a t  most of the  observed discharges took place i n s i d e  t h e  
elouds. A t  t h e  same time %n 95% of case6,the p o s i t i v e  charge w a s  s i t u a t e d  

above the  negative one. The frequenog of diecharges a t  the  center of thun- 
derstorm a c t i v i t y  cons t i t u t ed  as an average one s t r o k e  every two minutes. 

He noted t h a t  t he  res torat ion of t h e  f i e l d  a t  downpours took p lace  very 

r ap id ly ,  and assumed t h a t  here  the effect  of drople t  s p r i n k l i n g  was manifest. 
Vonnegut and i;oore 1291, while descr ib ing  t h e  e lec t r ic  storms 

t ak ing  place in tornado regions,  pointed out  t h a t  the  g igan t i c  thundercloud 
of a tornado spreads i n  height  t o  20 km, t h e  updraf t  v e l o c i t i e s  a t t a i n i n g  

100 m/sec. The l i g h t n i n g  at the  center  of the  funnel  h i t s  cont inual ly ,  
while a t  periphery of the tornado, sounds are observed, remindfig one 
of 3. powerful humning, which aprarent ly  is t he  consequence of glow-discharge. 

When s tudying the  posi t ion of the lower sect of the  pos i t i ve  d is -  

charge i n  a thunderstom, W i l l i a m s  C3OJ found t h a t  t he  seat is mainly 

s i t u a t e d  ahead of the  rainy zone and has 1 k m  in height  and width. For a 
s e r i e s  of storms of width near 10 km, he e s t ab l i shed  t h a t  t he  discharge6 

t o  ground took place in a narrow zone of most in t ense  p rec ip i t a t ions ,  of 
about 2 km i n  width, moving together w i t h  the cloud. 

Very i n t e r e s t i n g  results were obtained by A t l a s  [31] during r ada r  
observat ions of l i g h t n i n g  discharges. To t h a t  effect  he u t i l i s e d  a powerful 
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r ada r  with a 10.7 cm wavelength with a sounding pulse durat ion of 2 r s e c  
and 5 Mv power. Becnuse of the concealing r e f l e c t i n g  signal from prec ip i ta -  

t i o n s  he coul6 meinly observe l igh tn ings  above 5km. He es tab l i shed  t h a t  
l i a h t n i n g  r e f l e c t i o n s  begin, a6 a rule,  above r e f l e c t i o n s  from p r e c i p i t a t i o n s  
and namely from a heiqht  of l l t -  l.5 km. The discharges i n  the upper p a r t  of 

t h e  cloud have a sha?e of v e r t i c a l  streamers,  widening downward. Observed 

also are r e f l e c t i o n s  from large volumes, being aoparent ly  regions of cont i -  

nuous ion iza t ion  in the  upper pa r t s  of clouds or above them. Discharges of 
great v e r t i c a l  extension are seldom observed, while those of small extension 

w e  very frequent.  

Chuvayev and Imyanitov 1111 haveestablished t h a t  the i n t e n s i t y  of 
of the  e l e c t r i c  f i e l d o f a  powerful cumulus cloud r i s e s  sharply a t  t h e  moment 
of time when a br ight  spot  appears on the  rad= screen from the  region of 
large-s ize  p a r t i c l e s  emerging i n  t he  cloud. It is possible  t h a t  t he  transfer 
of water from l i q u i d  t o  s o l i d  s t a t e  is attended by a c e r t a i n  v a r i a t i o n  of 
the  e l e c t r o k i n e t i c  p o t e n t i a l  at the boundary ice-air, which would be an 
explanation of the  authors '  opinion t h a t  t he  r ise of e l e c t r i c  f i e l d  h t e n s l -  

t y  is caused by the  appearance in the  supercooled summits of the  clouds of 
i c e  p a r t i c l e s .  But the  quest ion of  t he  p o s s i b i l i t y  of generat ing significant 
charges a t  t r a n s i t i o n  of water from l i q u i d  t o  s o l i d  state ha6 not,  60 far, 
been f u l l y  studied. 

Moreover, w e l l  known a r e  the  f a c t s  of large thunderstorm f i e l d s ,  
of discharges i n  t he  form of summer l i gh tn ings  and l igh tn ings ,  even in 
powerful cumulus clouds devoid of i ced  s u m n i t s  and p r e c i p i t a t i o n  zone, 
f o r  example of the so c a l l e d  dry thunderstorms. 

Thus, Moore, Vonnegut and Botka C32J poin t  t o  the  apmearance of 
s i p n i f i c a n t  e l e c t r i c  f i e l d s  i n  powerful cumulus clouds p r i o r  t o  de t ec t ion  

of r ada r  r e f l e c t i o n s  from precipi ta t ione.  A t  t he  same time, the  i n t e n s i t y  

of the  f i e l d  i n  the  cloud is found t o  be greater than under it. In t he  lower 

p m t  of the cloud, which is completely f r e e  from the  i c y  phase, great nega- 
t i v e  charges are formed. The authors note t h a t  t h i s  negative charge inc reases  
w i t h  the  r i se  of cloud's height. A t  lowering of the  lltower;f the  charge dis- 
apveared and the f i e l d  i n t e n s i t y  under the cloud acquired normal values. 
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Therefore, the  mechanism of generation and separa t ion  of charges 

begins t o  act from the time of thundercloud development and still  p r i o r  
t o  i ts  summit's ic ing ,  but  reaches its maximum only i n  a period of d i s t i n c t  

thunderstorm ac t iv i ty .  This  l eads  us t o  th ink  t h a t  the  e l e c t r i c a t i o n  of 

cloud elements does not take place on account of the  causes assumed i n  
the  Simpson and assoc ia te  theory, but 3.6 due t o  the ac t ion  of o the r  f ac to r s .  

One of such f a r t o r s  can be the  effect  of cloud drop e l e c t r i z a t i o n  under t h e  

ac t ion  of cloud moisture p a r t i a l  d i s soc ia t ion  on ions  and of s e l e c t i v e  
adsorption (desorption) of these i o n s  a t  the  sur face  of cloud pa r t i c l ee .  

Prethunderstorm Stage of the Cloud. As follows from t he  d a t a  --- - --- -I_ 

brought up i n  F i g . l ,  
a t  moisture 's  pH near  5- 6 ,  usual f o r  atmospheric aerosol,  an e lec t ro-  

k i n e t i c  p o t e n t i a l  of s e v e r a l  mi l l i vo l t s ,  apparently not  higher than lo rn ,  
which condi t ions the appearance on d rop le t s  of -5mk rad ius ,  up t o  10-20 

the re  emerges a t  the  boundary water d rop le t -  air 

elementary charges. A t  usual content of some 100- 300 d rop le t s  per  cm 3 

1 lo3 - 6 10 3 elementary chwges in la3. such order  of spsce charge den- 
of cloud volume t h i s  lead& t o  the appearance of a space charge near 

s i t y  was a l s o  obtzined by Imleisen during his exrperiments [4] in the  con- 

densztion crocesses  i n  laboratory conditions as w e l l  as a t  f i e l d  experi-  

ments with fo ,ys .  Zuring. v io l en t  coudensatian in z11 ascending je t  of  a power- 

f u l  cumulus cloud the number of p a r t i c l e s  probably exceeds 1- 2 thousand 

per  1 c d .  A t  the  same time, the space charge too  may c o n s t i t u t e  in th in-  
drople t  pa r t  of the  cloud near 5 010 4 elementary charges i n  1 c m  3 . k t  t he  

3 same time, i n  a volume of 1 O k m  which is c h w a c t e r i s t i c  f o r  a thunder- 

cloud, t he re  can be a space charge t o  80k. 
I n  the  upper p a r t  of suoh cloud, i n  the  region of "fused" summit, 

when condi t ions p r e v a i l  f o r  the  evaporation of a c e r t a i n  p a r t  of d rop le t s  
under the ac t ion  of compensating cu r ren t s  CUI, 
t i v e  charga may be forming. Because of s m a l l  v e r t i c a l  power and w a t e r  
content  of such a cloud, i t  still does not  manifest c lear  thunderstorm 

a c t i v i t y ,  but  the  e l e c t r i c  f i e l d s  may a t t a i n  in i t  increased values. 

a comparatiftely s m a l l  ysi- 
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F i r s t  S t ~ e - o f a T h - ~ d e r s t o r m  (s tage  of sunrer  l i gh tn ings  

Fiy. 2a). - In  t h i s  s t age  the  cloud develops 
ascending cu r ren t s  i n  i t s  loner  h a l f  become still  more in tense  (becau- 
s e  of l i b e r a t i o n  of the  l z t e n t  condensation heat) .  The above-considered 

t o  a great height,  The 

process  of cha rm fornnt ion vi11 continue. Because of grea t  v e r t i c a l  
dimensions m i  grea t  w c t e r  content, the  negative charge on t he  drople 
forminp ani. growing c4.t concens-tion i n  t he  lower h a l f  or  two-thirds 

CI- 

89) 

'tf3 

of 

Fig. 2. - Development of a Thunderstorm 

a-  f i r s t  s t age  ( s t ace  of summer l i gh tn ings ;  6 - s t ape  of 
upper discharges ( s tage  of  obser=.able radar  shadow); S-  
s tage  of rnmcimum i n t e n s i t y  of discharges t o  e a r t h  ( s t age  
of thundershowers); Z - s tage  of s t o r n  at tenuat ion.  
1- sumLler l i gh tn ing ;  2 - suspended c l u s t e r  of coarse par- 
t i c l e s  i n  the  ascanding current  (updra f t ) ,  czr ry ing  a great 
negative charge; 3 - l i gh tn ing  between the  negat ive charge of 
coarse ?ar t ic le  accumulation and the  pos i t i ve  charge of the 
upper par t  of t h e  cloud; 4 - r e g i o n  of  coarse p a r t i c l e s ' f a l l ;  
5 - regior? of the thundery r a i n ;  6 - region of upper dis- 
charges; 7 - region of intense negative discharges t o  ground; 
8 - region of hor izonta l  discharges i n  the  cloud.- 9 - r eg ion  
of a. showery r a i n ;  10 - reg ion  of p o s i t i v e  charge6 i n  downward 
cur reo ts  of t h e  col lapsing p a r t  of the cloud; ll- accumula- 
t i o n  of coarse p a r t i c l e s  i n  the  preserved j e t  of an asoending 
current .  The magnitude and the d i r ec t ion  of the  arrows beyond 
clouds condi t iona l ly  designate the magnitude a d  the  d i r e c t i o n  1 

of t h e  vector  of e l e c t r i c  f i e l d  in t ens i ty .  

t he  cloud, w i l l  increase.  I n  the  upper p a r t  of t he  cloud, having reached 

g rea t  heights ,  t he  u?draft  ve loc i ty  is comparatively small. Droplets  
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reaching here  from below are e i t h e r  i n  the  s t a t i o n a r y  s t a t e  or i n  t h e  

state of slow evaporation. The ion6' s e l e c t i v e  Eorption process  l e a d s  

then  mostly t o  p r e f e r e n t i a l  ion OH-yield and t he  d rop le t s ,  a longside 
with t h e  w'lole upper part of the cloud acouire  a s u b s t a n t i a l  p o s i t i v e  

charge. The e l e c t r i c  f i e l d 6  may e t t a i n  very high va lues  i n  t he  upper 

p a r t  of t he  cloud. Here very mild ( q u i e t )  discharges,  o r  discharges i n  

the  form of l i g h t n i n g s  noted by A t l a s  may begin t o  take p lace  C313. 
We noted on the  basis of prolc Ted v i s u a l  observations, t h a t  high and 

powerful ctlmulus Cloud6 a re  of ten at tended in nighttime by summer-type 

l i g h t n i n g  without sound e f f e c t  and w i t h  no p r e c i p i t a t i o n s .  In dayl ight  
these go unnoticed, but  they c rea te  rad io ih te r fe rences .  

Stage of Upper Discharges (corresponding t o  t h a t  of t h e  observable 

r ada r  shadow, f ig .  26). The formation of coarse p r e c i p i t a t i o n  p a r t i c l e s  
suspended i n  the  cloud and inducing the  appearance of a radar spot, nay 
apparent ly  s e t  i n  a t  formation of t h e  "anvil",  i. e. the  appearance of 
t he  c r y s t a l l i n e  i c y  phaee i n  the upper p a r t  of t h e  cloud, o r  without 
summit i c i n g  of t he  cumulue-nimbus cloud. T3e author  managed t o  e f f e c t  

a few f l i g h t s  on f r e e  ae ros t s t e  dur ing  po-perful cumulus cloudiness .  I n  
one Fuch f l i r h t  the  a e r o s t a t  PBE c a r r i e d  by an updraf t  under a porierful 
curnulug, f r g m  w-zich t:cere R R F  no p r e c i p i t a t i o n .  InEpite  of p i l o ' e  e f f o r t s  

t o  r e l e a s e  ZF, L ' ~ C  ze roe te t  r e z c k e d  4 - 5 kn he igh t s  and was e j e c t e d  

throu-k. t ! e  porer fu l  cumulus cloud'6 smxxit. During f l i g h t  i n  t he  upper 
h ; l f  C T  the cloud. s t r o n r ) :  turt3lLent niotions could be observed. Wind V t s  
threw no''; e n d  then s o l i d  i c e  p r e c i p i t a t i o n s  of l l s lee t l l  (amorphous q r a i n )  

t ;pe ,  and noise  of its h i t t i n g  t h e  a e r o s t a t  could be p e r f e c t l y  heard 

fro:: t he  nace l le .  Y e t ,  when the a e r o s t a t  passed the  cloud summit, no 
i n d i c a t i o n s  of any i c i n g  were noted. 

The p r e c i p i t a t i o n s  f a l l i n g  from the  supercooled strato-cumulus 

clouds in t h e  l o r n  of r a i n  or snow  EO begin o f t en  i n s i d e  clouds,  whoee 
l o v e r  boundary provides no i nd ica t ions  of c r y s t a l l i n e  s t r u c t u r e  E l l .  

lloore, Vonnegut a n d  E o t k a  C321 poin t  o u t ,  t h a t  t h e  most i n t e n s e  

b r igh t  s p o t  of radar  r e f l e c t i o n  occurs  about 20 minutes before  the  cloud 

sum. i t  acqui res  t h e t  c h a r a c t e r i s t i c  f i l s E e n t  shape of t he  i c y  phase. 



c 

The colqparativelv small p rec ip i t s t i o , i  p z r t i c l e s  , f a l l i n g  from 

t h e  cloud, a r e  found t o  be FOmehOW suspended i n  the  updraf t  at  4- 6 km 
he igh t ,  where t h e i r  fall veloc i ty  becomes eaua l  t o  t h a t  of t h e  ascending 

cu r ren t  (updra f t ) .  The l a t t e r  c a r r i e s  i n t o  t h a t  region from down below 

newer and newer masees of supercooled clouC; drops,  car ry ing  negative 
charges t h a t  emerge i n  t i  e v io l en t  condensation zone. 

T h i s  mass of t i n y  aupercooled and negatively-charged drope 
s e t t l e s  i n  tile suspended bccumulation of coarse p a r t i c l e s ,  which then 

gram r m i d l g .  B i b i l a s h v i l i  e t  al c141 point  ou t ,  t h a t  t h e  water conten t  of 
such a p a r t  of the  cloud reaches co los sa l  va lues ,  up t o  20g/m 3 . 

L i s t  C331 s tud ied  the  growth of h a i l  when blown over by air 
containing supercooled droplet6 and c r y s t a l s .  He showed, t h a t  h a i l s t o n e s  

grow mainly at  the  expense of drop s t i c k i n g .  As a s ide  r e s u l t  of h i s  
experiment, t he re  was the reve la t ion  of t he  f a c t ,  t h a t  t h e  e l e c t r i c  poten- 

t i a l  of h a i l  reached then discharge vol tages .  

Schaefer  C341 conducted experiments in c r e a t i n g  oily and watery 

m i s t  w i t h  the  he lp  of a nozzle,  He noted t h a t  during formation of coarse  

drops, f l y i n g  through a cloud of t i n y  d rop le t s ,  t h e r e  occurs a dis turb-  

ance of t h e  e l e c t r i c  f i e l d ,  of ten l ead ing  t o  en explosion probably aecr ib-  
ab le  t o  e l e c t r i c  diFchargcr from coarse  drope. 

Shishkin showed t h e o r e t i c a l l y  c11, t h a t  the  growth of  ra indrops 
durin'; t h e i r  Gerging a t  fall nust be at tezded by a r i P e  of drops' p o t e n t i a l .  

He arsurLes t h a t  f i e l d  i n t e n s i t i e s ,  s u f f i c i e n t  t o  start d ischarges ,  can be 

be induced t h s t  way. 

The e l e c t r i c  p o t e n t i a l  % of the  coarse p a r t i c l e s  suspended i n  

the  cloud, whose r ad ius  is R , a n d  which are formed by s e t t l i n g  over them 

of supercooled cloud d r o p l e t s  o f  radius r , h a v i n g  a p o t e n t i a l  +, can be 

descr ibed by the  formula 

which is easg t o  obta in  i n  t k e  assunpt ion,  t k a t  the  space charge of t h e  

t i n y  dropz, from whose combination t h e  coarse p a r t i c l e s  grew, is preserved. 
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A t  t he  5 w e l e c t r o k i n e t i c  po ten t ia l  on t i n g  cloud drople t s ,  with a 3 
rad ius  of cloud drople t s  and 3mm r a d i u s  for the  coarse ones, we f i n d  

t h a t  t he  e l e c t r i c  p o t e n t i a l  on coaree p a r t i c l e s  is  5 0 0 0 ~ .  The magnitude 
of t h e  charge on such a drop nil1 be 1.6 loo9 k. 

v ie ib i l i t y ,  w e  obtain 80 such droplets  per m3 of air, and in each cubic 

k i lometer  t he re  w i l l  be 8 0 1 0  such drople t s .  The space charge, con- 
cent ra ted  i n  such accurnuletion of coarse drops is found t o  be equal t o  

3 120 k per 1km . 

A t  cloud water content of 10 g/m 3 i n  the  zone of r a d a r  s p o t  

10 

We apparently obtained overrated values of space charge6 i n  a 
thundercloud. Charge values of s eve ra l  hundreds of coulonbs are seldom 

encountered i n  thunderclouds. Neoerthelesg , t h e  computations character-  

i ze  the i n t e n s i t y  of the  phenomenon. The overrated values of t he  volume 
dens i ty  of charge6 were obtained because formula ( 6 )  does not take i n t o  

account the charge outflow from t h e  coarse drops. Meantime, t h i s  outflow 
becomes more subs t an t i a l  aa t h e i r  p o t e n t i a l  riees. A t  f i e l d  i n t e n s i t y  of 
500 v , i t  is close t o  glow disc!?ar~e  and appearance of streamers. Assuming 
the  ve loc i ty  of  the ascending current a t  t he  cen te r  of t he  j e t  i n  t h e  

lower p a r t  of t he  cloud t o  be lOm/sec, t h e  air being sa tu ra t ed  by moiet- 
ure a t  lSO C temperature, ne s h a l l  ob ta in  t h a t  3.4 g/m3 Kill be condensed 
a t  every minute. Let UE adn i t  t b a t  t. e red iue  of drops is ecual  t o  10 mk 

The number of such drople t s ,  forminp i n  1 cm3 per  minute will be 800. 
Asccunina, t h a t  because of s e l ec t ive  Porption of i ons  OH',there emerges 

on each 01 them a charqe characterized by an e l e c t r o k i n e t i c  p o t e n t i a l  

near 5 mv, which corresnands t o  170 e-eLentsrv charcres, we shall obtain 
a generation near  4 k Fer FinUte jx 

the  lower p a r t  oi the cloud. hs already mentioned, p a r t  of t h i s  charge 

s e t t l e s  over the coarse , )ar t ic le  accumulation i n  t h e  middle part  of the  

cloud, w h i l e  tile o the r  p a r t  is ca r r i ed  t o  its upper pa r t .  Here the  par- 

t i c l e s  l o s e  the  negative ions  OB' on account of equi l ibr ium s t a t e  o r  
slow evapor;tion conditions an6 acquire a p o s i t i v e  p o t e n t i a l  and charge 

r e l a t i v e  t o  air. 

e w r y  cubic iciloneter w i t h i n  
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This  1066 o f  negative charge can be estimated a-t -1- 2 k / h  3 min. 

The p o s i t i v e  e l e c t r i c i t y  of t he  upper p a r t  of the  cloud is generated with 

about t he  same i n t e n s i t y .  Data by M. and R. Reiter c221, having shown 

t h a t  t he  pH of thundercloude c o n s t i t u t e s  6.37 as an average, w h i l e  pH 

of o t h e r  forms of prec ip i t a t ione  does not exceed 5.73 - 6.14, s e rve  an 
an i n d i r e c t  I n d i c a t o r  t h a t  t h e  negat ive charge of a thundercloud is gene- 
r a t e d  as a conseauence of s e l e c t i v e  adsorpt ion of i ons  OH a t  v i o l e n t  

condensation. And t h i s  happen6 a t  the  t i m e ,  when an increased  a c i d i t y  can 
be a n t i c i p a t e d  i n  t h e  thundershower because of t he  appearance i n  the  a i r  
of ni t rogen  oxides ,  consequence of l i g h t n i n g  discharges.  The thunderstorm 
phenomena a t  t h i s  stage a r e  a l ready i n t e n s e l y  manifest. Strong thunder- 

s torm f i e l d s  a r e  o b e r v e d  i n  the upper h a l f  of the  cloud with l i g h t n i n g  

d ischarges  between the upper pos i t i ve  and lower negat ive charges. There 
are cases of thunders torm,  descr ibed i n  l i t e r a t u r e ,  when these  phenomena 

occur p r i o r  t o  p r e c i p i t a t i o n s  and appearance of summit contour 

i . e .  p r i o r  t o  passage of elements c o n s t i t u t i n g  the  upper p a r t  of t he  

cloud t o  c r y s t a l l i n e  s ta te  C351. During such a s t a g e  scarce l i g h t n i n g s  
t o  ground may begin t o  take p lace ,  though st i l l  seldom. Ths second s t a g e  
of t h e  thunderstorm d i f f e r s  l i t t l e  from t h e  f i r s t .  The f a c t  of t he  matter 
is t h a t  concentrt i t ions of l a r g e  drop eleraents begin t o  form a l ready  p r i o r  

t o  pas,cage of cloud s ; m : ! i t  eleL,ents t o  c r y s t a l l i n e  s t a t e ;  these  cores  

form a lozz  the  a x i s  of ascending c u r r e n t s ;  meacwnile, i c e  p a r t i c l e s  appear 

i n  txe  snpercooled p z r t  of t h e  cloud. From t h e  i nves t iga t ions  by Chestnaya 

an? 7;aytsev 

elements en2  of the  core wi th  increneed water content  is  a l ready  apparent 

i n  cumuluf; Clouds of comparatively l e s s e r  t h i c ’ a e s s .  Thus, a l l  evolves 

around the  quan t i t a t ive  aspect  of t h e  matter.  The accumulation of charges 

and the e l e c t r i c  f i e l d s  generated by them reach a l e v e l  s u f f i c i e n t  t o  
promote an a c t i v e  manifestat ion of  thunderstorm e l e c t r i c i t y  p r e c i s e l y  

during the  above-described second s t a g e  of  developnent of a powerful 

cumulo-nimbus cloud. This coincides  w i t h  the  pene t ra t ion  of cloud summit 
t o  g r e a t  he igh t s ,  with p a r t i a l  and t o t a l  formation of  t h e  a n v i l ,  and 
mainly w i t h  the  forna t ion  of the core of suspended, radar-detectable  

p a r t i c l e s .  

h 6 1 ,  i t  mag be seen t h a t  the  fOrmti0: process of  coarsened 
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-- S t a s  -- of - --- E : a x i x p n  - -- Discharxe - -- - -  _--- I n t e n s i t y  (FiR. 28) . The d i s t i n c t i v e  
s i d e  of the t h i r d  s t a ~ e  of a thunderstorm reg ides  i n  t h e  f a c t ,  t h a t  pre- 

c i p i t a t i o n  p e r t i c l e s ,  having grown t o  l a r g e  s i z e s ,  bes in  t o  f a l l  t o  
ground w i t h  a ve loc i ty ,  exceeding t h a t  of t h e  updraf t .  T h i s  avalanche- 

like fall of t h e  accumulation of coarse  p a r t i c l e s ,  charged t o  a h igh  
neaa t ive  p o t e n t i a l  and carrying the  accumulated charge of s e v e r a l  t e n s  

o r  hundreds of coulombs, leads t o  a eharp  e l e c t r i c  f i e l d  inc rease  in t h e  

space cloud-ground. The h i e h  po ten t i a l  of drops favors  the  beginning of 
i o n i z a t i o n  and the aupearance of l i g h t n i n g  , s t a r t i n g  with i n t e n s e  and 
f requent   stroke^ t o  ground. A t  the  same time the  cloud is found t o  be a 
negat ive e l ec t rode ,  the ground being pos i t i ve .  The l a r g e  drops or ice  
p a r t i c l e s ,  f a l l i n g  from t h e  upper l a y e r e  and car ry ing  negat ive charges,  

feed these negat ive discharges t o  ground. 

Assuming the radius of a coarse p a r t i c l e  being 3mm, and its 
p o t e n t i a l  l i m i t e d  t o  5mv, each  drop rill c a r r y  a charge equal  t o  
1.75 *loo9 k. Let  the i n t e n s i t y  of t h e  thundery r a i n  be 1 O m m  f o r  30 an. 
Calcula t ion  shows t h a t  2500 drops of above-dimension6 should then f a l l  

on a sauare meter. The t o t a l  charge, cont r ibu ted  by these drop6 from 

above t o  cloud base,  will be 3 .4  m/km2min. T h i s  is e n t i r e l y  s u f f i c i e n t  
f o r  feeding discharqes of 2- 7 k i n t e n s i t y  w i t h  a frequency of one 
lirr’3tning f l a s h  i n  2 m i n u t e s  per souare ki lometer .  

Thus ,  the proposed theory a i d  scheme of thunderstorm development 

provide the p o F s i b i l i t y  of e s t ab l i sh ing  c u a n t i t a t i v e l y  the  i n t e n s i t y  of 

thunderstorm events.  A t  t he  same t j m e .  i t  becomeF clear .  how t h e  valne 

of v e r t i c a l  motions i n  the  cloud can f ac i l i t a t e  the development of  thunder- 

s torm phenomena. The value of the g r a v i t a t i o n a l  f a c t o r  of heavy shower 

p r e c i p i t a t i o n  is also a s c e r t d n e d  . Tverskoy c173 was first to c l e a r l y  

draw a t t e n t i o n  t o  the necess i ty  of br inging f o r t h  both these  f a c t o r s  

i n  o rder  t o  exp la in  the  thunderstorm phenomena. It would seem, however, 
t h a t  here  we would be facing cont rad ic t ion  w i t h  t h e  gene ra l ly  w e l l  known 
f a c t ,  t h a t  thunderstorm p r e c i p i t a t i o n s  bear more o f t en  p o s i t i v e  chargee 

and t h e  ordinary showers negative ones. It is a l s o  well known t h a t  t he  value 

of  drop p o t e n t i a l  does not a t t a i n  the descr ibed magnitudes, This  apparent  
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con t rad ic t ion  may be explained by t h e  f a c t ,  t h a t  during ordinary heavy 
rains without thunderstorm a c t i v i t y ,  t h e  nesa t ive  charges having accumula- 

t e d  on drops,  a r e  p a r t i a l l y  preserved p r i o r  t o  t h e i r  f a l l  on ground. As t o  

thunderstorm p r e c i p i t a t i o n s ,  they may e i t h e r  l o s e  t h e i r  charge during 

l i g h t n i n g  s t r o k e s ,  o r  undergo recharging. 

The cloud base is of t en  s i t u a t e d  at an a l t i t u d e  of 1500- ZOO0 m. 
As t h e  p r e c i p i t a t i o n s  overcome the space sepa ra t ing  the cloud base from 

the ?round, they p a r t i a l l y  evaoprate. A t  t he  same time, t h e i r  d rop le t  

charges are a l s o  being l o s t  t o  a s i g n i f i c a n t  measure. T h i s  t akes  place 

as a consequence of increased desorpt ion of i o n s  a t  evaporat ion,  a6 w e l l  
as on account of cu r ren t  conductance, the  l a t t e r  being s u b s t a n t i a l  I n  the  
space f r e e  from clouds. 

I n  the  p a t t e r n  of charge d i s t r i b u t i o n  adopted by Simpson and h i s  
a s s o c i a t e ,  t he  presence is noted of a small region with p o s i t i v e  charge 

i n  t h e  lower p a r t  of t h e  storm. According t o  Williams data c301, t h i s  
seat  is loca ted  mainly ahead of the  zone of  thunderstorm p r e c i p i t a t i o n s .  

The cause of formation of t h a t  lorrrer seat of pas i t iwe  charge may be i n  
the  inf low of air t o  t h e  lead ing  edge of  the  storc. i n  t he  lower k i lometer  

atmosphere l a y e r  from regions unperturbed by t h e  thunderstorm. As w a 8  

shown i n  c21, the  air contains  under "normal conditions" a poa i t ive  space 

charqe of atmospheric aerosol ;  a t  i t s  convergence, a s m a l l  core of p o s i t i v e  

charges can be formed urder  the thunderstorm. This  is also helped by forces  

of e l e c c r c s t a t i c  induct ion ,  caused by a s u o s t a n t i a l  negat ive charge of 
t he  bas ic  p a r t  of the ti-undercloud. 

* L  ' 

-- Attenuation --- Stage of  --- a Thunderstorm (Fig. 2 t) 

The onset  of  t h i s  stagq of a thunderstorm take6 p lace  when t h e  
ascending c u r r e n t s ,  feeding tPe thunderclouds,  decrease or a t t enua te .  As 
was shown by Fedorova C181, who u t i l i z e d  the  data of radar observat ions,  

thunderstorms a t t enua te  when they emerge i n  daytime e i t h e r  i n  a v a l l e y  
or a low p l a i n ,  or also i n  a maritime bay e t c . ,  and i n  night t ime,  when . 
unfavorable condi t ions occur for  them above seacoas t  e l eva t ions  and d 6 0  i n  

a s e r i e s  of o t h e r  cases  srhen, due t o  l o c a l  c i r c u l a t i o n ,  t he re  occur  descend- 

i n g  compensation currents .  
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The development of the  thunderstorm i t s e l f  leads a t  a s p e c i f i c  s t a g e  of its 
expansion t o  the  emerzence i n  the cloud of descending cu r ren t s  conditioned 

by t h e  hydrodynamic e f f e c t  of the f a l l i n g  shower. As t h e  r a i n f a l l  from the  

thundercloud progresses ,  carrying with i t  the  main p e r t  of i ts  negat ive 

charge,  and a6 t he re  develop i n  the  cloud, besides  eeats of ascending cur- 
r e n t s ,  those of descending ones, t h e  p a t t e r n  of charge d i s t r i b u t i o n  become 

more and more mixed. I n  some s e a t s  the  negat ive charge is preserved, i n  

o the r s  i t  becomes p o s i t i v e  a6 a consequence of d i scharges ,  r a i n f a l l  and 
de. cending motions . Accordine;ly, the l i g t h n i n g  discharges during the  atte- 

nuat ion s t a g e  of a thunderstorm take place mainly i n s i d e  the  cloud. Ke 
a l ready  noted t h a t  t h e  t r a n s i t i o n  from the  state of v io l en t  condesation 

t o  t h a t  of equi l ibr ium or evaporation induces t h e  vanishing of t h e  negat ive 

charge and the  appearance of a pos i t i ve  one. 

C O N C L U S I O N  

The above-expounded theory of a thunderstorm allow8 t o  compute the  

i n t e n s i t y  of charge generat ion i n  a thundercloud, t o  expla in  t h e i r  spat ia l  
d i r t r i b u t i o n  and the c ' -eracter  of l i g h t n i n g  discharges a t  var ious  s t a g e s  

of t h e  stor12. 
The m u l t i l a t e r a l  da t a  on thunderclouds, accumulated during the  l a t e s t  

aerosol  p a r t i c l e  charging by nay yea r s ,  and t h e  e s t ab l i shed  r e g u l a r i t i e s  of 
of  s e l e c t i v e  adsorpt ion of i o n s  H+ and OH' as a funct ion  of aerosols '  pH 

and of  condeasation or evaporation processee,  can now serve 88 a basis for 
t h e  explanat ion of  the generation mechanism of thunderstorm e l e c t r i c i t y .  

' /%he v i o l e n t  condensation i n  powprful updraf t s  of  a thundercloud leads t o  

the  generat ion i n  i ts  lower h a l f  of a negat ive space charge at the  expense 

of t h e  p r e f e r e n t i a l  adsorpt ion of i ons  OH- on t h e  s u r f a c e  of cloud drops. 

4 I n  the  upper h a l f  of  t he  c louiJ  t h a t  is i n  t h e  zone of s t a b i l i z a t i o n  and 

drop evanoration toge ther  w i t h  c r y s t a l s ,  rformation of a p o s i t i v e  charge 

t akes  place a t  t h e  expenseof p r e f e r e n t i a l  y i e l d  of i o n s  OH- from the 

- 
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Furface of cloud p a r t i c l e s .  The energy f o r  aerosol p a r t i c l e  charzing 

o r i g i n a t e s  from adsorption and condensation heat .  The formation of a 
core  of suspended p a r t i c l e s  in the  ascending current  j e t  of air contain- 
i n g  supercooled drops or hai l s tones  leads t o  SubEt-nt ia l  accumulation 

and l o c a l i z a t i o n  of the  negative charge. The rap id  f a l l  of the thundery 
r a i n f a l l  from t h a t  region leads t o  f i e l d  i n t e n s i t y  increase  between the  
cloud and t h e  ground and ie attended by in tense  negative discharges from 

the  cloud t o  ground during the  p r inc ipa l  phase of the  s t o r m 7  
The power of thunderstorm e l e c t r i c i t y  generation is found t o  be 

so much the more s u b s t a n t i a l ,  t h a t  the  ascending cur renk  are more in t ense  

and the  height  of t h e i r  spread i s  g rea t e r ;  i t  is a l s o  a func t ion  of 
hunid i ty  ana water content of the cloud. 
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